Gardenia jasminoides Ellis is an evergreen plant with fragrant creamy white flowers and glossy, darkgreen leaves, belongs to family Rubiaceae and member of the genus Gardenia. The current study aimed to afford a new technique for in vitro propagation and callus induction of G. jasminoides by using single nodes excised from soft cuttings using full strength MS salts supplemented with 30g/l sucrose, 4g/l gelrite and different concentrations of plant growth regulators. Generally, the current study showed that NAA and BA at 0.0 and 1.0 mg/l, respectively gave rise to the best results for initiation stage. 
INTRODUCTION
Gardenia jasminoides, formerly called gardenia (cape jasmine). It is a origan to southern of China and Japan and there shrubs are evergreen with glossy, thick, greenish leaves. It belongs to Rubicaceae family, particularly noted for its extremely fragrant white flowers and is often grown in double flowers (Graf, 1981) . Flowers bloom all around the year in climates warm regions, but more typically opening through the late spring until early summer in cooler climates in the northern part of its growing range. Gardenia are grown as pot or larger container plants (Wilkins, 1986) . Under greenhouse conditions these plants can growth easily, but can also thrive when placed outdoors during summer season and returned to moderate indoor temperatures in the fall. It is a popular plant used as a cut flower, screens, hedges, borders or ground covers. Micropropagation of ornamental, medicinal and aromatic plants has been used via single nodes, axil buds and shoot tips, and provide higher rates of proliferation per each starting explant (Razdan, 2003; George et al., 2008; Chavan et al., 2014) . In conventional propagation, terminal cutting of G. jasminoides results in a reduced multiplication rate. Hence, its micropropagation via in vitro organogenesis using modified Murashige and Skoog (1962) medium (MS) offers higher proliferation rate per each starting explant (Economou and Spanoudaki, 1985) . The most important divisions of the plant growth regulators are provided into tissue culture medium, are both cytokinins and auxins and. The relative efficacy of auxins, mainly and their relation to cytokinin ratio on morphogenesis of cultured tissues are well established by Skoog and Miller (1957) and still remain as the source for plant tissue culture manipulations. The medium must be fortified with plant growth agents for enhancement of both growth and development of cultured explants. Plant growth agents exert dramatic effects at reduced levels. They regulate and organize both initiation and development of organized organs (shoots, roots and embryos) on the cultured explants either on semisolid or in liquid medium cultures. They stimulate both cell division and expansion (Duhoky and Rasheed, 2010) . In gardenia, Al-Juboory et al., (1998) reported that the cytokinin mode of action exhibited the best shoot proliferation was obtained from gardenia leaves treated with TDZ, ZEA and BA as compared to 2iP and KIN whereas the produced shoots were the longer in culture media that augmented with either 2iP or BA. The best medium for micropropagation of Gardenia jasminoides was MS medium fortified with BA and IBA at 1 mg/l and 0.1 mg/l, respectively, with a multiplication rate of 5.33 neoformed shoots, with shoot length and leaf number as an average 4.73 cm and 4.36, consecutively (Jarrar and Bayerly, 2011) . Lakshmia and Reddy (2012) found that maximum shoot number of G. resinifera was recorded on MS medium (1962) supplied with BA (4.0 mg/l) and IAA (0.5 mg/l), and about 70 % of root induction was taken place on half-strength MS medium fortified with IBA (4.0 mg/l). Farzinebrahimi et al., (2014) observed that the biggest callogenesis and the maximum fresh and dry weights of G. jasminoides callus were induced on MS medium plus NAA and 2,4-D at 3.0 and 2.0 mg/l, each in turn. Salim and Hamza (2017) showed that the maximum mean values of shoots length, shoot number, number of nodes and leaflets number per shoot of G. jasminoides were obtained when MS medium was augmented with combination 3.0 mg/l TDZ + 0.3 mg/l IAA; whereas the concentration 1.0 mg/l IBA; gave highest average of roots number. Callogenesis of gardenia can be induced easily from various parts of the plants (Mizukami et al., 1983; Dumanois et al., 1984) and best callus growth was derived from leaf explants cultured on MS medium. Various auxins such as 2,4-D, NAA, and IAA were tested for induction and subculture of the callus in the presence or absence of cytokinins. Dumanois et al. (1984) manifested that white loose callus tissues were formed from leaf explants in the presence of 2,4-D (0.2 mg/l) and 2iP (0.2 mg/l) or BAP (1 mg/l) while brownwhite callus tissues with newly formed roots were obtained in the presence of NAA (1 mg/l) and kin (0.5 mg/l).
The aim of the present work is to study the possibility of tissue culture technology for the clonal mass propagation of Gardenia jasminoides via both microprpagation and somatic embryogenesis.
MATERIAL AND METHODS
This study was conducted at the laboratory of plant tissue culture of Plant Production Department, The Faculty of Agriculture (Saba-Basha), Alexandria University during both study seasons of 2017 and 2018.
Plant Materials (Source of Explants and Explant Preparation):
Shoots of Gardenia jasminoides, about 15 cm in length were picked up from plants grown in the greenhouse of Antoniades Botanical Garden, Horticultural Res. Institute, Agric. Res. Center, Alexandria, Egypt. Soon after collection, the shoots were preserved in transparent plastic bags and transported directly to the laboratory. After leavesʼ removal, selected shoots were rinsed under running tap water for 60 minutes, followed by tap water and liquid soapy for 15 minutes, followed by five-minute rinses in sterile distilled water. Then they were cut into shorter sections (ca. 1.5 cm) long including the single nodes with axillary bud. The shoots were sterilized by soaking in the Mercuric Chloride solutions (0.1%, w/v) for 10 minutes. The disinfected explants were rinsed thoroughly 5 times with double autoclaved distilled water, and the ends of explants exposed to sterile solution were trimmed. The nutrient media contained half inorganic and organic constituents according to (Murashige and Skoog, 1962) , then 30 g/l of sucrose, 100 mg/l of myo-inositol, and different vitamins in addition to several studied growth regulators were added according to the purpose of the experiment and adding 4g/l gelrite (w/v). In vitro propagation technique for the current study was carried out as follows: 1. Initiation stage, whereas various levels of NAA and BA were examined to detect their impact on growth performance during initiation stage either alone or combined together. The auxin Naphthaleneacetic acid (NAA) was used at 0.0, 0.250, 0.5 and 1.0 mg/l and the cytokinin Benzyladenine (BA) at 0.0, 0.125 and 0.250 mg/l lonely or in combination with NAA. Ten explants were planted per each treatment. Cultures were incubated in the growth room at 25±1°C under light conditions of 16 light hours and light intensity of ca. 1000 lux and 8 hr. of incubation darkness. After 5 weeks of culture, the well-defined data were collected. 2. Multiplication stage, whereas the neoformed propagules of the initiation stage was sectioned into single node explants, which were cultured, randomly, on the multiplication media which supplemented with BA at concentrations of 0.0, 1.0, 2.0 and 4.0 mg/l and NAA at 0.0, 0.250, 0.5 mg/l alone or in combinations together. 3. Rooting stage, the shoots of about 3 cm in length were cultured into MS medium including various levels of IBA and NAA (one shoot for each jar and each treatment were represented by ten jars). The effect of IBA and NAA added to the culture medium for shoots rhizogenesis was studied by carrying out several separate experiments by adding IBA with (0.0, 0.250, 0.5 and 1.0 mg/l) and NAA with (0.0, 0.250 and 0.5 mg/l), all these treatments were examined on full strength salt MS medium. Generally, each treatment was represented by 10 jars, one explant per jar containing 20 ml medium.
The culture jars and the tested media were solidified and autoclaved as mentioned earlier. The explants were cultured on the sterilized media, vertically, and incubated in growth room as reported earlier. After 5 weeks of culture, the data were collected. 4. Somatic embryogenesis, from in vitro propagules, node cuttings of propagules were used as explants, which were cultured on MS medium augmented with various levels of 2,4-D at nil (0.0), 0.5, 1.0, 2.0 and 4.0 mg/l. cultures were incubated in the room under growth conditions that reported earlier in darkness for 10 days, then exposed to rooting condition.
5. Acclimatization of neoformed plantlets, the neoformed plantlets produced from rooting stage were washed out of solidified medium under running tap water, followed by immersing them into Rizolex-T50 WP (1g/l) fungicide for 25 sec. They were, then, transplanted ex vitro in small plastic pots (10cm diameter), plastic pots contained an autoclaved mixture of the perlite (0.0, 1.0, 2.0 and 3.0 volume) and peatmoss (0.0, 1.0 and 2.0 volume); and one constant volume of washed and autoclaved sand. Then, they were arranged in a factorial experiment and finally placed in transparent plastic bags (ex vitro), to maintain high relative humidity at 80% (RH) and 28±1°C, for hardening-off. However, the tested pots with different media were rearranged randomly weekly within the same plot to devoid the experimental error. Ten days later, the plastic bags were perforated for gaseous exchange, then transferred into plastic house (in vivo) and continued for further hardening. After four weeks, the plastic bags were removed and the acclimatized plantlets were watered, as needed and fertilized, weekly, with N: P2O5: K2O (20:20:20) equivalent to 1 g/l.
Experimental design and statistical analysis
All the experiments carried out during this study were designed as factorial experiments layout in completely randomized design (Gomez and Gomez, 1984) . All collected data were subjected to statistical analysis using ANOVA method and separation between means were compared by Duncan's multiple range test (Steel et al., 1997) and significance was determined at p≤ 0.05. Generally, the following characters were recorded per propagule at initiation, multiplication, rooting, somatic embryogenesis and acclimatization stages after 5 weeks from culture: 1. Mean number of shoots formed/propagule. 2. Mean shoot length (cm)/propagule. 3. Mean number of leaflets formed/propagule. 4. Mean number of nodes formed/propagule. 5. Mean number of roots formed/propagule. 6. Percentage of embryogenic callus. 7. Mean callus size / propagule, was determined, macroscopically, and for statistically convenience, the minus or plus symbols were converted to a numerical code as follows: (-), 0; (+), 1; (++), 2; (+++), 3; (++++), 4. These symbols denote to absence of callus formation, low, moderate, high, and intensive embryonic callus formed per propagule, respectively. 
RESULTS AND DISCUSSION

Initiation stage:
Results in Table ( 1) and Figure ( 1) describe the effect of various levels of both growth regulators (NAA and BA) and their combinations on the studied characters of G. jasminoides. Concerning the main effect of BA concentrations, there is a direct proportional relationship between the mean number of shoots formed per propagule and BA levels; whereas, the highest level of BA (0.250 mg/l); gave rise to the highest mean value of number of shoots per propagule the given trait (2.30). This finding may be attributed to cytokinin deficiency in stimulation cell division and morphogenesis (shoot initiation/bud formation) in tissue culture and break of apical dominance and release the growth of lateral buds (Stern et al., 2004; Duhoky and Rasheed, 2009 ). On the other side, NAA had not significant effect on the same trait. Meanwhile, the interaction between both growth regulators exerted significant (p≤0.05) effect. However, the absence of NAA and presence of BA at 0.250 mg/l; resulted in the highest mean value (3.00). Respecting the shoot length per propagule, both growth regulators and their interactions have exerted significant (p≤0.05) effects on the specific trait. In terms of NAA as a main effect, augmenting the culture medium with NAA at 1.00 mg/l; led to the highest mean value of shoot length per propagule (1.57). On the other side, with respect to the main effect of BA the results disclosed that augmenting MS-basal medium at 0.125 mg/l; resulted in the highest mean values of the above-mentioned trait (1.41). This result is in agreement with that of Kyoichi et al. (1987) . The first order interaction between both applied levels of NAA and BA at 1.0 and 0.0 mg/l, each in turn; led to the longest mean value of the shoot length per propagule (1.72). As for the mean number of leaflets and the number of nodes formed per propagule, the effect of both NAA and BA, exerted non-significant (p≥0.05) effect. On the other hand, the interaction between both growth regulators exerted a significant (p≤0.05) effect on the leaflets and nodes numbers. The interaction between both BA and NAA at 0.250 and 0.125 mg/l, respectively; brought about the highest mean values (11.80 and 10.20, respectively) . These results are in agreement with those found by Economou and Spanoudaki (1986) and Pasqual and Audo (1989) who reported the necessity of using of cytokinins and auxins either singly or in combination for inducing cell divisions, as well as for the proliferation of shoots of many plants. With respect to the number of roots formed per propagule, NAA levels had a significant (p≤0.05) effect on this trait. The highest mean value (1.37) was recorded due to applying 0.5 mg/l NAA to the culture medium. On the other hand, BA had non-significant (p≥0.05) effect on the mean number of roots per propagule. Meanwhile, the interaction between both growth regulators exerted significant (p≤0.05) effect. However, the combination of NAA at 0.5 mg/l and absence of BA; resulted in the highest mean value (1.5) of the mean number of roots per propagule. These results are in parallel with those reported by Snir (1982) ; Penuela et al. (1987) ; Duhoky and Rasheed (2010) who ascertained the importance of the auxin NAA in rhizogenesis medium.
Multiplication stage:
The results presented in Table ( 2) and Figure ( 2) reveal the effect of both growth regulators and their combinations on the multiplication stage of G. jasminoides. As for the main effect of BA, it was noticed that fortifying MS medium with BA at 2.0 mg/l, brought about the highest mean value (3.17) of the mean number of shoots formed per propagule, followed by 4.0 mg/l BA (2.97), compare to the absence of BA or its presence at 1.0 mg/l, which led to the lowest values of this character. On the other extreme, the main effect of NAA indicated that supplying MS-basal medium with NAA at either 0.250 or 0.500 mg/l; recorded the highest mean value of the defined trait (2.63). This finding may be taken place due to BA as the most effective cytokinin in cell division and enlargement as compared with the other cytokinins (Gruselle et al., 1987) . Meanwhile, the interaction between BA at 2.000 mg/l and NAA at 0.250 mg/l; gave rise to the highest number of shoots (4.00). This result was in agreement with that of Chuenboonngarm et al. (2001) ; Sayd et al. (2010) who obtained high proliferation of shoots of G. jasminoides through using BA. Also, Sutter (1996) reported that cytokinins are plant growth class used for encouraging division of cells, as well as for the formation and growth of axillary and adventitious shoots. Concerning the mean shoot length formed per propagule, there was an inverse relationship between BA levels and the given trait, i.e. as BA level increased, the mean value of given trait decreased, whereas MS-free-BA (0.00) reported the highest mean value (1.70) compare to the highest level of BA, i.e. 4.00 mg/l, which recorded the lowest mean value (0.89). In case of NAA main effect, augmenting the culture medium with NAA at 0.250 mg/l, brought about the highest mean value (1.49). While, the combinations between BA at 0.0 mg/l and NAA at 0.5 mg/l; recorded the highest mean value (1.92). Kozak (2011) observed a similar response due to the addition of BA; which resulted in a significant inhibition of shoot length. A supraoptimal level of BA suppressed the elongation of main shoot growth (Miler et al., 2005) . Concerns the number of leaflets and the number of nodes formed per propagule, the presence of BA in the culture medium at 2.0 mg/l; led to the highest mean values of the above-mentioned characters (9.44 and 4.74, respectively). On the other end, the main effect of NAA and the interaction between both growth promoters; enforced significant effect. In case of the main effect of NAA, the presence of NAA in culture medium at 0.250 mg/l; achieved the highest mean values (8.69 and 4.42, respectively). The interaction between both BA and NAA at 4.0 and 0.250 mg/l; achieved the highest mean values of the aforementioned characters (10.56 and 5.33, respectively). These results are in line with many researchers who investigated the various media and growth regulator combinations that have been exploit for tissue culture inform that shoot proliferation both as terminal buds in addition to axillary buds require the presence of cytokinins and auxins (Skrivin, 1984) . Furthermore, several researchers have found that cytokinins, mainly BA, could stimulate axillary bud improvement, but at high concentration and shoot elongation is suppressed (Da Silva et al., 2003) . With reference to the number of roots formed per propagule, the absence of BA and presence of NAA at 0.500 mg/l; gave rise to the maximal mean number of roots formed per propagule (2.0). Regarding the callus size per propagule, the main effect of BA declared that the absence of BA from the culture medium resulted in the highest mean value (1.48). In case of NAA as main effect, augmenting MS-basal medium with at either 0.250 or 0.500 mg/l; resulted in moderate callus size (1.19 and 1.22, respectively). Meanwhile, the combinations between both growth regulators BA at 0.0 and NAA at either 0.250 or 0.500 mg/l; brought about an intensive callus size (2.11 and 2.00, respectively). Mizukami (1983) found that various auxins such as NAA and IAA could be used for induction and subculture of the callus in the presence or absence of cytokinins. Dumanois et al., (1984) reported that white loose callogenesis was derived from leaf explants in the presence of 2,4-D in the culture medium at 0.2 mg/l and 2iP at 0.2 mg/l or BAP 1 mg/l, while brown-white callus tissues with newly formed roots were obtained in the presence of NAA in the culture medium at 1.0 mg/l and KIN at 0.5 mg/l. Gardenia callus tissues grow well on chemically defined media (Ueda et al., 1981) . Table ( 3) and Figure ( 3) manifested that various levels of both applied growth regulators and their interactions had significant (p≤0.05) effects on the rooting stage traits of G. jasminoides. Concerning the main effect of IBA tested levels on the mean number of shoots, the presence of IBA at 0.250 mg/l; led to the highest mean value of the above-mentioned trait (1.40). On the other extreme, results manifested that NAA-freemedium; gave rise to the highest number of shoots (1.43). The interaction between IBA at 0.250 mg/l and NAA at 0.0 mg/l, recorded the highest mean values of the defined character (2.00). With reference to the effect of both growth regulators and their interactions on the mean shoot length per propagule, it is obvious that, fortifying MS-medium with IBA and NAA at 0.500 mg/l; resulted in the highest mean value (2.95). As for the mean number of leaflets and nodes formed per propagule, the main effect of IBA and NAA, divulged that the presence of both growth regulators into MS medium had no significant effect on the given trait. Likewise, the interaction between IBA and NAA at 0.500 and 0.250 mg/l, respectively, produced the highest mean value of the given traits (8.60 and 4.30, respectively). These results could be explained on the basis that auxin induce a number of responses which include initiation of root initials cell division, cell enlargement, protein and nucleic acids synthesis and changes in plant cell wall plasticity and increasing the apical dominance as there are essential and rapid processes participate in growth and development (elongation) (Wilkins, 1989) . Respecting mean number of roots and callus size formed per propagule. The main effects of both growth regulators declared that there was a proportional relationship between the studied trait and their levels; whereas, fortifying the culture medium with the highest level of IBA (1.0 mg/l) and NAA (0.5 mg/l); gave rise to the maximum mean values of the studied traits as 1.77 and 2.95, respectively. However, the interaction between IBA and NAA exerted significant (p≤0.05) effects on the given traits. These results proved that IBA and NAA as auxins have a role in rooting process since they enhance adventitious rhizogenesis. Root initial cells division depends on both endogenous and exogenous auxins concentration. The physiological effects of auxins are represented in increasing of cell division or converting the matured differentiated cells to shoots bases into meristematic cells, so adventitious root meristems will be formed and its cells will divide to produce adventitious roots (Nair et al., 2012) . Growth regulators at optimal levels push the roots to grow in the presence of exogenous auxins, since increasing of auxins concentration promotes rooting on shoots (George et al., 2008) . Respecting the callus size per propagule, results of both growth regulators and their interactions on callogenesis, exerted significant (p≤0.05) effect and a proportional relationship between IBA and NAA and the given trait. The presence of IBA and NAA in culture medium at 1.0 and 0.5 mg/l, respectively; resulted in producing high callus size. These results were in agreement with Kende (1989) who reported that providing IBA or NAA in culture medium promoted callus induction, and also rogues the promotive effect of some auxins viz., IBA, NAA and 2,4-D on callus induction and growth, and attributed the events to auxin as it promotes the biosynthesis of ethylene by increasing the activity of 1-aminocylopropane-1-carboxylic acid (ACC) syntheses. Respecting the callus size per propagule, results of 2,4-D demonstrated that its presence in culture medium at 1.0 mg/l, followed by 2.0 mg/l; resulted in producing high embryogenic callus size (3.33 and 3.00, respectively) [which was white colour and friable]. For embryogenic callus induction and growth, an exogenous auxin supply is often recommended to initiate caulogenesis from the culture explant. Particularly, auxins affect growth and callus formation (Gamborge and Phillips, 1995) . These results are in compromise with Lakshmia and Reddy (2012) ; Farzinebrahimi et al., (2014) ; Onsa et al., (2018) who reported that auxins, such as 2,4-D used to reactivate the cell cycle, initiate embryo formation and the best option of auxin, and widely used to encourage callus formation in many plants. Table ( 5) exhibit that both applied mixtures of perlite and peatmoss (v/v) and their combinations, in addition to fixed volume (1 portion) of sand on acclimatization of neoformed plantlets of single node explants of G. jasminoides grown ex vitro for 28 days and as illustrated in Figure (5) . Concerning the average of survival percentage, average number of neoformed shoots, average plantsʼ height and number of newly formed leaves (true leaves) per plant, were affected significantly (p≤0.05) effects on the given traits, due to adding peatmoss to the mixture at (1 volume); recorded the highest values (50%, 4.22, 16.14 and 12.0, respectively). On the other extreme, perlite had significant (p≤0.05) effect on the given traits, too when added as 1 volume where recorded as (50%, 3.19, 15.90 and 9.41, consecutively) . Meanwhile, the interaction between peatmoss and perlite exerted significant (p≤0.05) effect. However, the combination of peatmoss and perlite at (1:1); resulted in the highest mean value (100%, 7.0, 22.22 and 17.11, respectively) . In this respect, material as peatmoss is one of the most important constituents of mixture media due to its capacity in affecting plant growth either indirectly or directly. Indirectly, improves the physical conditions of mixture media by enhancing aggregation, aeration (8%) and water retention (77%), thereby creating a suitable environment for root growth (Sensi and Loffredo, 1999) . On the other hand, perlite is known to have a moderate capacity to retain water (38%) and provide' aeration (25%) and its neural pH and the fact that it is sterile and weed-free. Hence, it is ideal for use in container growing substratum (Abido et al. 2016) . Also, it is known that perlite decreases the bulk density of the soils and increases the porosity. 
